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The life-style of adolescents attending a Seventh-Day Adventist boarding school was
evaluated as it related to cardiovascular risk factors. The diet contained 34% calories
as fat, with 11% derived from saturated fat. Total serum cholesterol levels were low
(mean, standard deviation =138±15 mg per dl), and apolipoprotein B level was low as
well (46±9 mg per dl). The high-density lipoprotein cholesterol level was within the usual
range (52.4±13.3 mg per dl). Mean blood pressures were also low (systolic, 104.1±9.6
mm of mercury; diastolic, 65.7±9.7 mm of mercury). There was no self-reported use of
cigarettes. If this life-style were to continue through adulthood, the incidence of prema-
ture atherosclerotic disease, particularly coronary artery disease, for this group might
well be reduced, compared with other North Americans, as suggested by findings from
previous studies of adult Seventh-Day Adventists.
(Cooper R, Allen A, Goldberg R, et al: Seventh-Day Adventist adolescents-Life-style
patterns and cardiovascular risk factors [Preventive Medicine]. West J Med 1984 Mar;
140:471-477)

The Seventh-Day Adventist Church prohibits smok-
ing among its members and encourages them to

adopt a lacto-ovo-vegetarian diet. In several reports
lower mean serum cholesterol values have been docu-
mented among practicing Seventh-Day Adventists than
in the US population as a whole'-5 and there is evidence
that cardiovascular death rates from all causes are
lower than in comparable non-Seventh-Day Adventist
populations.4-8 In view of the growing interest in the
precursors of atherosclerosis in childhood,9 the Seventh-
Day Adventist experience presents a useful oppor-
tunity to study the effect of life-style intervention dur-
ing childhood and adolescence. This study assessed
life-styles as related to cardiovascular risk factors in
high school students at a Seventh-Day Adventist board-
ing school.

Methods
Study Population

The study site was the Broadview Academy (La
Fox, Illinois) a Seventh-Day Adventist boarding high
school located in a rural setting 40 miles west of Chi-
cago. About 200 students boarded at the school full
time. The school cafeteria was the only on-site source
of food for the students and served a lacto-ovo-vege-
tarian (milk and milk products, eggs and plant foods)
cuisine, in keeping with Seventh-Day Adventist pre-
cepts. Students returned home for a four-day holiday
on every fourth weekend and occasionally went out to
dinner in local restaurants when their parents came for
a visit. There were no vending machines on campus
and no commercial centers within walking distance
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where students could buy food; they were allowed to
have pizza and other take-out food delivered about
once a month. Virtually all the students were practicing
Seventh-Day Adventists and about half maintained a
lacto-ovo-vegetarian diet when not at the school. Full
cooperation was received from the board of directors,
school officials, staff and cafeteria personnel.
Our survey was carried out in late spring. The pur-

pose and background of the study was presented to the
full student body and volunteers were solicited. Addi-
tional more detailed sessions were held with study par-
ticipants to assure full cooperation. Written consent
was obtained from both the students and a parent or
guardian. There were no exclusions from participation
and students who expressed interest in only one part
of the study-for example, blood pressure measure-
ment but not blood sampling-were included. A brief
questionnaire was administered to participants to col-
lect information on demographic and medical back-
ground. Volunteers then took part in various aspects
of the study as described below.

Nutrition Assessment
The primary focus of the nutrition assessment was

on the issue of amount and type of fat and sodium in-
take. Lipid content was assessed by two methods, which
yielded independent data sets. An inventory of an en-
tire food cycle (21 days) was collected. The school's
record of attendance at meals enabled calculation of a
per-person per-day food intake from an estimate of
food disappearance. No attempt was made with the
inventory method to account for plate waste. In addi-
tion, 34 volunteers were recruited to keep three-day
food diaries. With the aid of food models a nutritionist
instructed them in estimating food portions, and records
were reviewed with them for completeness. Records
were collected in April and May of 1979. Both types
of records were then coded according to the system of
the Nutrition Coding Center, Minneapolis, and ana-
lyzed with the use of computer tapes.loll* Nutritional
information about unusual commercial vegetarian
products used at the Academy was obtained from the
producer and added to the computer file. Sodium con-
tent of the food was also estimated by the computer
system described above, excluding salt added at the
table.

Duplicate meals, including all three meals on a
given day, were also collected on a random subset of
five participants during each of three consecutive
weeks. Meals were frozen and transported to a com-
mercial laboratory (Rosner/Runyon Laboratories,
Chicago) where they were homogenized and sodium and
potassium content was measured. The three meals for
a given person for a single day were homogenized to-
gether and analyzed as a single sample; 15 separate
samples were therefore analyzed.

*Tom Tokich carried out the computer programming work.

Twenty-four-hour urine specimens were also col-
lected. Participants were provided vinyl carrying cases
and plastic jars and carefully instructed in the procedure
for complete, timed, 24-hour collections. Boric acid
was added as a disinfectant. On returning the kits they
were questioned regarding completeness of urine col-
lection. In all, 24 students returned single-day speci-
mens.

Lipid and Lipoprotein Studies
In May of 1979, a group of 43 students were studied

after they had been on campus for eight months. Blood
specimens were drawn from an antecubital fossa with
the participant in a sitting position. Specimens were
taken between 6 and 7 AM after a nine-hour fast. The
specimens were transported immediately to the labora-
tory where the serum was separated and stored up to
several months at -20°C. This procedure may have
resulted in a slight decrease in high-density lipoprotein-
cholesterol level.'2 Total serum cholesterol, triglyceride
and high-density lipoprotein-cholesterol levels were
measured according to the protocol of the Lipid Re-
search Clinicst; the heparin-manganese precipitation
method was used to measure high-density lipoprotein
cholesterol.'3 As part of the Lipid Research Clinics
program, the lipid laboratory participated in an ongoing
surveillance and standardization procedure, involving
both internal and external controls.13 Apolipopro-
teins A-I, A-IL and B were measured by a radioim-
munoassay method at the laboratories of the Athero-
sclerosis SCORE at the University of Chicago. These
techniques have been reported in detail elsewhere.'4-'6

Blood Pressure Measurement
Two methods of blood pressure measurement were

used. An automatic device (Vita-Stat) as well as a
random-zero sphygmomanometer were used. Study
personnel, were trained and certified according to the
protocol of the national cooperative Hypertension De-
tection and Follow-up Program17; two persons made
all the measurements. Each participant was asked to
empty his or her bladder and remain seated quietly for
five minutes. Time of day, hours since last meal and
room temperature were recorded. Radial pulse rate
was counted for 30 seconds and blood pressure mea-
sured with a standard mercury manometer. After a
one-minute pause, the blood pressure was measured
with a random-zero device, followed by another one-
minute pause and a second measurement with the
random-zero device. Radial pulse rate was then
counted for a second time. Fourth-phase diastolic pres-
sures were recorded. A protocol identical to that used
for the random-zero was used for the Vita-Stat mea-
surements, with the exception that a manual reading
with the standard sphygmomanometer was not taken

tLipid analyses were done in the CORE laboratories at the Universityof Chicago under the supervision of Donald Metlay, Judy Dunal and
Karl Habermos with support from the Clinical Nutrition Research Unit
(AM-26678).
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first. Only systolic and fifth-phase diastolic pressures
are recorded by this device.

Height and Weight
Height and weight were measured in light indoor

clothing with shoes off; a standard balance scale was
used.

Results
Nutrition Assessment

Nutrient data as estimated by the inventory (disap-
pearance) and diary methods are summarized in
Table 1. Based on a usual intake of about 2,200 cal-
ories a day for this age group in the general US popu-
lation, both sexes combined, these values are roughly
10% less.'8"19 Vegetarians would be expected to con-
sume somewhat fewer calories.20 Self-reported food
records likewise consistently underestimate food in-

take. Plate waste accounts for a portion of the differ-
ence between self-reported data and inventory figures.
Protein intake is well above the Recommended Dietary
Allowance.2' The larger polyunsaturated fat consump-
tion indicated by inventory data is a result of meth-
odologic differences. The food records were analyzed
by the Nutrition Coding Center system, which contains
estimates of fat composition as found in typical com-
mercial US sources; in fact, polyunsaturated fat was
used more generously at this institution. Thus, for ex-
ample, the polyunsaturated fat content of the item
"pancake" would be understated in the analysis by the
Nutrition Coding Center system. The inventory reflects
fat consumption directly. Cholesterol was provided
almost exclusively by eggs. In Table 2 nutrient intake
data on a population sample of a similar age are
presented for comparison.'9 This data set was chosen
primarily because the nutrient analysis was done with

TABLE 1.-Daily Nutrient Intake, Broadview Academy, La Fox, Illinois

Macronutrients

Food Record
(N=34 sets of
3-day records)Nutrient Item Mean+SD Inventory*

Calories ....................................... 1,947.0±601.9 2,199.6
Protein (grams) ............ .................... 75.1± 29.1 91.7
Total fat (grams) .............. .................. 77.2± 27.0 100.6
Saturated fatty acids (grams) ...... .............. 21.1± 9.4 23.1
Polyunsaturated fatty acids (grams) ..... .......... 18.3± 8.0 30.5
Cholesterol (mg) ........... .................... 191.6±159.4 180.1
Total carbohydrate (grams) ....... ................ 238.0± 80.5 229.8
Sucrose (grams) ............ .................... 26.3 ± 20.0 30.6
Starch (grams) ............ ..................... 94.7± 43.0 77.9
Fiber (grams)................................... 5.1± 2.3 5.1
Sodium (grams) ............ .................... 2.4± 1.0 3.0
Potassium (grams) .......... .................... 2.8± 1.1 2.8
Protein (% cal) ............ .................... 15.4± 3.6 16.7
Total fat (% cal) ........... .................... 34.8± 6.5 41.1
Saturated fatty acids (% cal) ...... ............... 11.3± 2.9 9.5
Polyunsaturated fatty acids (% cal) ..... .......... 8.3± 2.8 12.5
Total carbohydrate (% cal) ...... ................ 49.8± 7.9 41.8
Sucrose (% cal) ............ .................... 5.4± 4.0 5.6
Starch (% cal) ............. .................... 19.6± 5.4 14.1
Potassium:sodium ratio ........ ................... 0.86± 0.39 1.19

Micronutrients

Percentile of
Representative

Us
Distribution

Food Records RDAt Ages 15-17t
Nutrient Item Mean-SD Inventory Boys/Girls Boys/Girls

Calcium (mg) ..........
Phosphorus (mg) ........
Iron (mg) ..............
Vitamin A (mg RE) .....
Thiamine (mg) .........
Riboflavin (mg) .........
Niacin (mg) ............
Vitamin C (mg) .........

998.4± 469.5
1,262.5± 61.2

12.4± 4.7
1,420.6± 1,019.6

1.4± 0.5
2.1± 1.0
19.0± 8.2

126.2± 73.3

SD = standard deviation; RE = retinoid equivalents
* (See text for method of inventory taking) based on a single month, therefore no standard deviation.
tRecommended Daily Allowances, ages 15-18, revised 1980, National Academy of Sciences, National Re-

search Council.21
$Health and Nutrition Examination Survey, 1971-1974, compared with food record mean values.18
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1,526.0
1,711.9

14.6
1,981.3

5.5
3.5

26.5
70.3

1,200/1,200
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18/18
1,000/800

1.4/1.1
1.7/1.3
18/14
60/60

60

60
73
98
59
70
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the same method-that is, using the procedures of the
Nutrition Coding Center-and allows direct, detailed
comparison of dietary lipids.'9 Information was not
available for identical age groups; the composition of
the diet is the major issue, however, and changes little
over this narrow age range.19 The primary contrast is
the lower intake of total fat, cholesterol and particu-
larly saturated fat among vegetarians, with a corre-
spondingly higher potassium-to-sodium ratio.

TABLE 2.-Daily Nutrient Intake, School Children,
Cincinnati, Ohio, Ages 13-15*

Meant
Nutrient Item X

Calories .........................
Protein (grams) ...................
Total fat (grams) .................
Saturated fatty acids (grams) ........
Polyunsaturated fatty acids (grams)
Cholesterol (mg) ..................
Total carbohydrate (grams) .........
Starch (grams) ....................
Sucrose (grams) ..................

Protein (% cal) ...................
Total fat (% cal) .................
Saturated fatty acids (% cal) ........
Polyunsaturated fatty acids (% cal)
Total carbohydrate (% cal) .........
Potassium: sodium ratio .............

2,302
80
97
41
14

295
263
106
65

15
38
17
6

47
0.35

*From Morrison et al.19
t5Oth percentile, recalculated as weighted mean of boys and girls.

For the micronutrients the intake of the Seventh-Day
Adventist youngsters based on food record data is
somewhat low relative to the Recommended Dietary
Allowances (Table 1), whereas inventory values are
above the Recommended Dietary Allowances in every
instance with the exception of iron. Based on the
Health and Nutrition Examination Survey (HANES) of
1971 through 1974, the mean values for micronutrients
from the dietary records are all above the 50th percen-
tile (Table 1) .18

Sodium intake, 4.97 ± 2.06 grams a day, as assessed
by direct chemical analysis of duplicate meals, was
somewhat above the US mean22"23; serum potassium
level was 3.56±1.71 grams per day. For 24 single-day
urine collections, mean sodium content was 2.55 ±
1.36 grams and potassium was 1.88 ±0.77 grams. Rea-
sonable agreement exists among the three indirect
methods of estimating sodium-that is, 2.4, 3.0 and
2.6 grams for the food records, inventory and urine
collections, respectively. Because the first method did
not include table salt and the last may represent less
than complete collections, these estimates are probably
an understatement of intake. The 30% to 40% higher
value for direct analysis is probably more accurate.
Technical error for chemical analysis, based on eight
replicate samples submitted blindly to the laboratory,
was 10.7 mEq for sodium and 6.9 mEq for potassium,
yielding 10.2% for both (error . sample mean X
100). A large proportion of the sodium in the diet was

TABLE 3.-Serum Lipids and Lipoproteins in Seventh-Day Adventist Adolescents

Lipid Research Clinics*
Boys Girls Total Boys Girls

(N= 16) (N= 24) (N= 40) (N= 160) (N=164)
Variables X±SD X±SD X±SD X±SD fX±SD

Age ..................... 16.5+ 1.2 16.3± 1.3 16.4± 1.2 16-17 16-17
Weight ................... 138.7±24.0 128.1±30.3 132.4±28.0 ....
Total cholesterol ...... ..... 133.2±14.5 141.0±14.8 137.5±14.9 152.1±22.8 159.7±26.9
Triglycerides ........ ...... 57.8±34.6 63.3 ±25.6 60.8±29.6 78.4±56.9 71.0± 32.3
HDL-C .................. 52.4± 13.3 55.1±12.7 53.8±12.7 45.6±10.1 52.8±12.8
Apoprotein A-I ...... ..... 113.0±17.5 120.0±18.2 117.2±18.0
Apoprotein A-II ...... ..... 15.9± 2.0 14.3± 2.0 15.0± 2.0
Apoprotein B ....... ...... 45.1± 8.8 45.7± 9.6 45.5± 9.2

SD=standard deviation, HDL-C=high-density lipoprotein cholesterol

*From The Lipid Research Clinics Population Studies Data Book, Vol. I-The Prevalence Study.'25

TABLE 4.-Correlation Matrix of Serum Lipid and Lipoprotein Levels in Seventh-Day Adventist Adolescents (N=40)

Total
Cholesterol Apoprotein Apoprotein Apoprotein

Weight Age Level Triglycerides HDL-C A-I A-ll B

Weight ..................
Age ....................
Total cholesterol.
Triglycerides .............
HDL-C .................
Aproprotein A-I ..........
Apoprotein A-II.
Apoprotein B ............

HDL-C =high-density lipoprotein cholesterol

*P .05
tP .01
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.12
-.16

.09
-.19
-.23

.03

.15

.04
-.22

.04

.03

.38t
-.06

* . .

.26

.31*

.30*
-.01

.37*

* . .

-.45t
-.05
-.33*

.34*

* . .

.74t

.Slt
-.52t

.28*
-.52*

.2
-.20
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provided by soy products served as meat substitutes,
as well as the usual sources in condiments.

Serum Lipids and Lipoproteins
The total serum cholesterol levels are low (Table

3) 24,25 The highest value was 166 mg per dl, and the
lowest, 109. The laboratory used in this study is part
of the Lipid Research Clinics Program so the data are
directly comparable with the large-scale population
survey used here as the basis for comparison.25 Que-
telet index, as a measure of obesity, was similar to the
general US population: BVA (Broadview Academy
[study]) 22.6, HANES 22.0.26

Levels of high-density lipoprotein cholesterol are
above the usual population mean for boys, but at simi-
lar levels for girls.25 Both apoproteins A-I and A-II
are slightly lower for this sample than for the normal
values in this laboratory and apoprotein B levels are,
of course, very low. Control values for comparison
based on 50 medical students, ages 25 through 35, with
normal serum lipid values for apoproteins from this
laboratory are (mean ± standard deviation): apopro-
tein A-I, 120+17 mg per dl; apoprotein A-lI, 26±4
mg per dl, and apoprotein B, 75+18 mg per dl.

Intercorrelations among lipids, lipoproteins, apopro-
teins and body size are shown in Table 4. The age
range for this sample is very narrow, though a correla-
tion is apparent between age and apoprotein A-II.
Total cholesterol level is significantly related to high-
density lipoprotein cholesterol, apoprotein A-I and
apoprotein B. Triglyceride values were negatively re-
lated to high-density lipoprotein cholesterol and apo-
protein A-II, but positively related to apoprotein B. By
the same token, the high-density lipoprotein cholesterol
level was positively correlated with its apoproteins A-I
and A-II, whereas a negative relationship existed with
apoprotein B. Although these relationships are well
established, it is of interest that they persist at such
low levels of total cholesterol.

Within this sample, mean blood pressures are also
low compared with those of other groups of adolescents
(Table 5). It is particularly difficult in the case of
blood pressure, however, to make precise comparisons
with other population samples. Blood pressures as re-

ported here represent (1) the mean of two random-
zero readings, each one minute apart, and (2) the
mean of two Vita-Stat readings, a minute apart, both
taken after an initial five-minute rest. No persons were
found with pressures above the 95th percentile for the
US population.27'28

As noted previously, there was no reported use of
cigarettes or alcohol. Given the high level of religious
commitment involved in attending this school, if these
substances are used at all it would be very infrequently.
There was additionally no reported use of oral con-
traceptives.

Discussion
Death from cardiovascular diseases accounts for

half of the mortality in the United States.29 A signifi-
cant proportion of the risk of dying of the atheroscle-
rotic diseases can be accounted for by the three major
risk factors: elevated serum cholesterol level, hyper-
tension and the use of cigarettes.29 The Seventh-Day
Adventist population in the United States has been of
particular interest to cardiovascular epidemiologists, in
part because their mortality experience offers some
rough estimate of the possible prevention of athero-
sclerosis through life-style modification. The adoles-
cents who were the subject of this report adhere strictly
to the Seventh-Day Adventist health precepts because
they attend a church-operated boarding school. Based
on current knowledge, these young people enjoy an
extremely favorable cardiovascular risk status and, if
this life-style persists throughout adulthood, they can
expect a reduced rate of coronary heart disease rela-
tive to the general US population. Total cholesterol
values in these adolescents are very low; the mean
cholesterol value for this sample (138 mg per dl) is
around the 15th percentile for adolescents aged 10
through 19 in the US.25 Population means in this range
in the United States have only been reported for other
vegetarian groups. In a previous study of vegans (total
vegetarians) total cholesterol levels of 123±+ 27 mg
per dl were reported for the age range 16 through 29,
both sexes combined.20 In a group of young adults,
ages 20 through 30, who also ate food only of plant
origin, the total serum cholesterol level was 125±19

TABLE 5.-Blood Pressure in Seventh-Day Adventists and Selected
US 16-Year-Olds

Seventh-Day
Adventists NHLBI

Variable N=63 Task Force*t HANEStt

Systolic blood pressure ........... 104.1± 9.60 123.3 116.4-jJ - --- _-- - - - - - - - - - - -.

(Vita-Stat) (mm/mercury) .....
Diastolic blood pressure ..........

(Vita-Stat) (mm/mercury) .....
Weight (kg) ....................
Height (m) ....................

NHLBI=National Heart, Lung and Blood Institute, HANES=Health and Nutrition Exam-
ination Survey

*From Report of the Task Force on Blood Pressure Control in Children.28
tWeighted mean, boys and girls.
tFrom Blood Pressure Levels of Persons 6 to 74 Years, United States, 1971-197426 and

NCHS Growth Curves for Children, Birth to 18 Years.2T
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mg per dl for men and 133 ±21 mg per dl for women.30
Rural groups with a subsistence agricultural way of life
have also been found to have low plasma lipid
levels.31-34 The Tarahumara Indians of Mexico, who
consume small amounts of animal products, were re-
ported to have total cholesterol levels in the area of
115 mg per dl for boys and girls, ages 5 through 18.34
A previous study of free-living Seventh-Day Adventist
teenagers in Australia, not all of whom were vegetar-
ians, yielded a mean cholesterol level of 161 ± 28 mg
per dl.35 Given the lacto-ovo-vegetarian diet of the
participants in this study, the finding of mean values
slightly above that of strict vegetarians would be ex-
pected. The frequent use of soy-protein main dishes
may have contributed an additional cholesterol-lower-
ing effect.36 The diet consumed at this boarding school
appears to be nutritionally adequate. As found in pre-
vious reports, when carefully supervised a vegetarian
diet provides sufficient quantity and quality of food
intake for normal growth and development.37-39 In a
similar study in a boarding school serving the usual
American diet, mean serum cholesterol levels were 170
mg per dl for the same age range.40
Among the serum lipoproteins, the high-density lipo-

protein-cholesterol values reported here are slightly
higher than those found in either of the other two US
vegetarian groups previously studied and considerably
higher than for the Tarahumara.20'30"4 Because high-
density lipoprotein-cholesterol level, at least in this and
several other studies, bears a weak positive correlation
to total cholesterol level, that finding could be ex-
plained by the higher values of total cholesterol ob-
served here, although interlaboratory differences can-
not be ruled out. Apolipoproteins were measured in
only one of the other studies on US vegetarians.30 The
apoprotein B values are comparable, though the apo-
protein A-I levels are higher in this group.30 Control
values in these two laboratories are similar so the rea-
son for the pronounced difference in apoprotein A-I
is not readily apparent (about 115 versus 80 mg per
dl). The observed correlations between the lipopro-
teins, apoproteins and weight generally confirm those
in previous reports.30'41'42 It is of interest that at this
level of serum lipids, high-density lipoprotein-choles-
terol and apolipoprotein A-I levels bear an equally
strong correlation with total cholesterol as does apo-
protein B. Although earlier reports generally showed
a lack of correlation between high-density lipoprotein-
cholesterol and total cholesterol levels,32'43'44 more re-
cent studies show a positive correlation both within and
between populations. 20,31,34,41,45 Among those studies
showing a positive relationship, mean cholesterol levels
were low; it may be that this finding exists primarily
among children or groups without significant hyper-
cholesterolemia.

If one assumes that humans consumed a diet rela-
tively low in saturated fat and cholesterol during most
of their evolution46 and that the level of serum lipids
that is optimal for health is in the range observed
here,47 the correlations observed in this population

group may reflect a more normal physiologic state. A
lipid transport system that is overburdened may show
abnormal interactions between the component parts,
particularly very-low-density and high-density lipo-
protein cholesterol.

Blood pressure levels recorded here are low. A pre-
vious report has suggested that Seventh-Day Adventists
have lower blood pressures than the general popula-
tion,48 and higher intake of polyunsaturated fat has
been offered as one possible explanation.49 A recent
report failed to confirm lower blood pressures in free-
living Seventh-Day Adventist children.50 However, it
is difficult to offer exact comparisons between the
sample studied here and the general population because
of the small numbers and the lack of a directly com-
parable method. It seems reasonable to conclude,
nonetheless, that these adolescents are at similar or,
more likely, lower risk of subsequent hypertension de-
veloping. The sodium content of the diet was com-
parable to the US mean, a finding that is not altogether
consistent with current thinking about the role of ex-
cess sodium in the development of essential hyperten-
sion in societies like the United States.

The absence of cigarette smoking in this group fur-
ther contributes to the lowered cardiovascular risk
status. From the initial studies showing an improved
mortality among Seventh-Day Adventists, it appeared
that all of the observed health advantages could be
attributed to the absence of a cigarette habit.5' Subse-
quent studies, however, have shown that although
smoking makes a considerable contribution, other dif-
ferences in life-style, presumably dietary, play an addi-
tional role.52 Among those persons, many of whom
had not been Seventh-Day Adventists since birth, mor-
tality rates were reduced by about a third relative to
the general population, and were lower not only for
coronary heart disease but for the major forms of can-
cer-that is, lung, breast and colon.52 It seems reason-
able to assume that this life-style pursued from child-
hood would result in additional gains. Furthermore,
although the food served at the institution studied here
was composed in large part of special vegetarian rec-
ipes, soy meat substitutes in particular, it did not in-
volve a severe restriction of calories from fat and more
or less approximated current recommendations.22 The
impact on serum cholesterol level was, on the other
hand, significant and should certainly serve to reduce
the risk of premature atherosclerotic disease. The low
risk status attained as a result of the life-style adopted
by this population has much to offer as a general public
health model.

REFERENCES
1. Walden RT, Schaefer LE, Lemon FR, et al: Effect of environment

on the serum cholesterol-triglyceride distribution among Seventh-Day
Adventists. Am J Med 1964; 36:269-276

2. West RO, Hayes OB: Diet and serum cholesterol levels. Am J Clin
Nutr 1968; 21:853-862

3. Bruce TC, Allen ES, Mikkelson B, et al: Serum cholesterol levels of
Seventh-Day Adventists. Arterial Wall 1976; 3:175-179

4. Webster IW, Rawson GK: Health status of Seventh-Day Adventists.
Med J Aust 1979; 1:417-420

5. Berkel J: The Clean Life: Some Aspect of Nutritional and Health
Status of Seventh-Day Adventists in the Netherlands. Amsterdam, Druk-
kerij Insulinde, 1979

THE WESTERN JOURNAL OF MEDICINE476



PREVENTIVE MEDICINE

6. Phillips RL, Lemon FR, Beeson WL, et al: Coronary heart disease
mortality among Seventh-Day Adventists with differing dietary habits-
A preliminary report. Am J Clin Nutr 1978; 31:S191-S198

7. Wynder EL, Lemon FR: Cancer, coronary artery disease and smok-
ing. Calif Med 1958; 89:267-282

8. Phillips RL, Kuzma JW, Beeson WL, et al: Influence of selection
versus life style on risk of fatal cancer and cardiovascular disease among
Seventh-Day Adventists. Am J Epidemiol 1980; 112:296-314

9. Lauer RM, Shekelle RB (Eds): Childhood Prevention of Athero-
sclerosis and Hypertension. New York, Raven Press, 1980

10. Dennis B, Ernst N, Hjortland M, et al: The NHLBI nutrition data
system. J Am Diet Assoc 1980 Dec; 77:641-647

11. Farrand M, Mojonnier L: Nutrition in the Multiple Risk Factor
Interventicn Trial. J Am Diet Assoc 1980; 76:346-351

12. Bachorik PS, Walker R, Brownell KD, et al: Determination of
high density lipoprotein-cholesterol in stored human plasma. J Lipid Res
1980; 21:608-612

13. Lipid Research Clinics Manual Laboratory Operaticns, Vol 1-
Lipid and Lipoproteins Analysis, US Dept of Health, Education, and
Welfare publication No. (NIH) 75-628. Government Printing Office, 1975

14. Karlin JB, Juhn DJ, Starr JI, et al: Measurement of human high
density lipoprotein apolipoprotein A-I in serum by radioimmunoassay. J
Lipid Res 1976 Jan; 17:30-37

15. Karlin JB, Juhn DJ, Scanu AM, et al: Measurement of serum
apolipoprotein B by radioimmunoassay. Eur J Clin Invest 1978 Feb; 8:
19-26

16. Goldberg RB, Karlin JB, Juhn DJ, et al: Characterization and
measurement of human apolipoprotein A-II by radioimmunoassay. J
Lipid Res 1980 Sep; 21:902-912

17. Hypertension Detection and Follow-up Program Cooperative Group:
The Hypertension Detection and Follow-up Program. Prev Med 1976; 5:
207-210

18. Caloric and Selected Nutrient Values of Persons Aged 1-74 Years,
United States, 1971-1974. Vital and Health Statistics, National Health
Survey, Series 11, No. 209. US Dept of Health, Education, and Welfare,
Public Health Service, Hyattsville, Md, 1979

19. Morrison JA, Larsen R, Glatfelter L, et al: Interrelationships be-
tween nutrient intake and plasma lipids and lipoproteins in school children
aged 6 to 19: The Princeton school district study. Pediatrics 1980; 65:
727-734

20. Sacks RM, Castelli WP, Donner A, et al: Plasma lipids and lipo-
proteins in vegetarians and controls. N Engl J Med 1975; 292:1148-1151

21. Recommended Dietary Allowances, 9th Ed. Washington, DC, Na-
tional Academy of Sciences, National Research Council, 1980.

22. Select Committee on Nutrition and Huiman Needs, United States
Senate: Dietary Goals for the United States, 2nd Ed. US Government
Printing Office, 1977

23. Cooper R, Soltero I, Liu K, et al: The association between urinary
sodium excretion and blood pressure in children. Circulaticn 1980; 62:
97-104

24. Total Serum Cholesterol Levels of Children 4-17 Years, United
States, 1971-74. Vital and Health Statistics, National Health Survey,
Series 11, No. 207. US Dept of Health, Education, and Welfare, Public
Health Service, Hyattsville, Md, 1978

25. The Lipid Research Clinics Population Studies Data Book, Vol 1-
The Prevalence Study. Bethesda, Md, US Department of Health, Educa-
tion, and Welfare publication No. (NIH) 80-1527, 1980

26. Blood Pressure Levels of Persons 6 to 74 Years, United States,
1971-1974. Vital and Health Statistics, National Health Survey, Series 11,
No. 203. US Department of Health, Education, and Welfare, Public
Health Service, Hyattsville, Md, 1977

27. National Center for Health Statistics Growth Curves for Children,
Birth to 18 Years. Vital and Health Statistics, National Health Survey,
Series 11, No. 165. US Dept of Health, Education, and Welfare, Public
Health Service, Hyattsville, Md, 1977

28. Report of the Task Force on Blood Pressure Control in Children.
Pediatrics 1977; 59:799-820

29. Arteriosclerosis, 1981. Bethesda, Md, US Dept of Health and
Human Services, publication No. (NIH) 82-2035, 1981

30. Burslem J, Schonfeld G, Howland MA, et al: Plasma apoprotein
and lipoprotein lipid levels in vegetarians. Metabolism 1978; 27:711-718

31. Walker ARP, Walker BF: High-density lipoprotein cholesterol in
African children and adults in a population free of coronary heart dis-
ease. Br Med J 1978; 2:1336-1337

32. Bosch U, Camejo G: Serum lipoproteins of Amazonian Indians and
inhabitants of an urban area of Venezuela fractionated by preparative
ultracentrifugation. Metabolism 1964; 13:1456-1461

33. Golubjatnikov R, Paskey T, Inhorn SL: Serum cholesterol levels
of Mexican and Wisconsin school children. Am J Epidemiol 1972 Jul;
96:36-39

34. Connor WE, Cerqueira MT, Connor RW, et al: The plasma lipids,
lipoproteins, and diet of the Tarahumara Indians of Mexico. Am J Clin
Nutr 1979; 31:1131-1142

35. Ruys J, Hinkie JB: Serum cholesterol and triglyceride levels in
Australian adolescent vegetarians. Br Med J 1978; 2:87

36. Sirtori CR, Agridi E, Conti F, et al: Soybean protein diet in
treatment of Type Il hyperlipoproteinemia. Lancet 1977; 1:275-277

37. Dwyer JT, Miller LG, Ardunio NL, et al: Mental age and IQ and
predominantly vegetarian children. J Am Diet Assoc 1980; 76:142-147

38. Fulton JR, Hutton CW, Stitt KR: Preschool vegetarian children:
Dietary and anthropometric data. J Am Diet Assoc 1980; 76:360

39. Dwyer JT, Dietz WH, Andrews EM, et al: Nutritional status of
vegetarian children. Am J Clin Nutr 1982; 35:204-216

40. Ford CH, McGandy RB, Stare FJ: An institutional approach to
the dietary regulation of blood cholesterol in adolescent males. Prev
Med 1972; 1:426-445

41. Mendoza S, Nuchte H, Zerpa A, et al: Lipids and lipoproteins in
13- to 18-year-old Venezuelan and American school children. Athero-
sclerosis 1980; 37:219-229

42. Ellefson RD, Elveback L, Hodgson PA, et al: Cholesterol and
serum triglycerides in serum lipoproteins of young persons in Rochester,
Minnesota. Mayo Clinic Proc 1978; 53:307-320

43. Multiple Risk Factor Intervention Trial Research Group: HDL-
cholesterol level in the Multiple Risk Factor Intervention Trial. Lipids
1979; 14:119-125

44. Gordon T, Castelli WP, Hjortland WC, et al: High-density lipo-
protein as a protective factor against coronary heart disease: The Fram-
ingham study. Am J Med 1977; 62:707-714

45. Robinson D, Williams P: High-density lipoprotein cholesterol in the
Masai of East Africa-A cautionary note. Br Med J 1979; 1:1249-1251

46. Stamler J: Population studies, In Levy RI, Rifkind BM, Dennis BH,
et al (Eds): Nutrition, Lipids, and Coronary Heart Disease. New York,
Raven Press, 1979, pp 25-68

47. Stamler J: Public health aspects of optimal serum lipid-lipoprotein
levels. Prev Med 1979; 8:733-759

48. Armstrong B, Van Merwyk AJ, Coates H: Blood pressure in
Seventh-Day Adventists. Am J Epidemiol 1977; 105 :444-449

49. Iacono JM, Marshall MW, Dougherty RM, et al: Reduction in
blood pressure associated with high polyunsaturated fat diets that reduce
blood cholesterol in man. Prev Med 1975; 4:426443

50. Harris RD, Phillips RL, Williams PM, et al: The child-adolescent
blood pressure study-I. Distribution of blood pressure levels in Seventh-
Day Adventist and non-SDA children. Am J Public Health 1981; 71:
1342-1349

51. Phillips RL: Role of life-style and dietary habits in risk of cancer
amcng Seventh-Day Adventists. Cancer Res 1975; 35(Suppl) :3513-3522

52. Phillips RL, Kuzman JW, Beeson WL, et al: Influence of selection
versus life-style on risk of fatal cancer and cardiovascular disease amolig
Seventh-Day Adventists. Am J Epidemiol 1980; 112:296-314

MARCH 1984 * 140 * 3 477


